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Abstract 
 
Title: Regeneration and Propagation of S. birrea (A. Rich.) Hochst. Tree 
in Rashad Area at Nuba Mountains – South Kordofan State, Sudan 
A multi-location experiments were carried out for two seasons (2005– 
2006) to study the germination, establishment and survival of S. birrea 
artificially and in the natural state at Rashad locality (latitudes 10° and 13° N 
and longitudes 29° and 33° E), Nuba mountains, South Kordofan State. Three 
experiments were conducted in the above area. The first experiment was the 
assessment of natural regeneration of the species under natural stand where 
transect methodology was used. The second experiment consisted of the species 
regeneration by seed broadcasting in unploughed and protected land. The third 
experiment consisted of S. birrea regeneration by direct seed sowing and 
seedling transplantation in pits in land prepared by ploughing and/or furrowing. 
The results concerning the natural assessment indicated that there were 
significant differences between sites, aspects and elevations, in measured 
parameters (total number of trees, number of S. birrea trees, and survival rate). 
South Rashad site was richer than east Rashad concening the total tree density 
and the number of S. birrea trees and also the S. birrea seedling survival was 
higher in this site. The east aspect showed better seedlings survival rate than the 
other three aspects. The result showed that the middle altitude was the best in 
germination than the top and the bottom elevations. However, Seedling survival 
was better in the bottom location than in the higher elevations. Generally, S. 
birrea seedling survival did not exceed 10% under natural conditions.  
 x
For the seed broadcasting experiment, S. birrea seed germination and 
seedling survival were better on the plateau than on the plain. Here S. birrea 
seedling survival reached up to 30% in the plateau. 
With regard to direct seed sowing experiment, the result showed that all 
the soil preparation levels enhanced seed germination, so that hundred percent 
seed germination was obtained within a period of month. Significant differences 
were observed for the seedlings height and diameter between the treatments. 
The best seedling growth performance was occurred in the PF treatment for all 
the measured parameters. Seedling survival in these treatments ranged between 
56% and 78%.  
Concerning the seedling transplantation treatments, the result showed 
that, there were significant differences in seedling height and diameter between 
NP and the two other treatments, while there were no significant differences in 
the parameters between P and PF treatments. The best seedling growth was 
recorded for the PF treatment. Seedling survival in these treatments ranged 
between 56% and 86%.  
In conclusion, S. birrea can be artificially well established by seeds or 
seedlings in protected and prepared land, particularly in ploughed and furrowed 
land. Concerning the site characteristics, this species is well established in the 
eastern aspect, mid-elevation and locations with good drainage. Natural 
establishment of the species is difficult because of its poor growth and 
susceptibility to damage by many factors and agents. To achieve a satisfactory 
establishment of this species in all cases good protection in all growth stages is 
obligatory.   
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  ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
 
 ﺍﻟﺨﻼﺼـــﺔ
  
 ﻭﻻﻴﺔ ﺠﻨﻭﺏ –ﻁﻘﺔ ﺭﺸﺎﺩ ﺒﺠﺒﺎل ﺍﻟﻨﻭﺒﻪ ﻨﺸﺠﺎﺭ ﺍﻟﺤﻤﻴﺽ ﺒﻤﻻ ﺍﻟﺘﺠﺩﻴﺩ ﺍﻟﺘﻜﺎﺜﺭ ﻭ: ﺍﻟﻌﻨﻭﺍﻥ
   ﺍﻟﺴﻭﺩﺍﻥ–ﻜﺭﺩﻓﺎﻥ 
ﻓﻰ ﺠﺒﺎل ﺍﻟﻨﻭﺒﻪ ﺒﻭﻻﻴﺔ ﺠﻨﻭﺏ ﻜﺭﺩﻓﺎﻥ  ﺒﻤﻨﻁﻘﺔ ﺭﺸﺎﺩ ﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻓﻰ ﻋﺩﺓ ﻤﻭﺍﻗﻊﺃ: ﻤﻭﺠﺯ ﺍﻟﺒﺤﺙ
،  ﻤﻥ ﺤﻴﺙ ﺍﻻﻨﺒﺎﺕ( aerrib .S )ﺒﻐﺭﺽ ﺩﺭﺍﺴﺔ ﺸﺠﺭﺓ ﺍﻟﺤﻤﻴﺽ( ﻡ6002 – 5002)ﺨﻼل ﻤﻭﺴﻤﻴﻥ 
ﺍﻟﺘﺠﺭﺒﻪ ﺍﻻﻭﻟﻰ ﺍﺴﺘﻬﺩﻓﺕ ﺘﻘﻴﻡ .  ﺜﻼﺜﻪ ﺘﺠﺎﺭﺏ ﻟﻐﺭﺽ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﻪﺠﺭﻴﺕﺃ .ﺴﻴﺱ ﻭﺍﻟﺒﻘﺎﺀ ﻓﻰ ﺍﻟﺤﻘلﺄﺍﻟﺘ
ﺘﻜﺎﺜﺭ ﺍﻟﻨﻭﻉ ﻨﺎﻭﻟﺕ ﺘﺍﻟﺘﺠﺭﺒﻪ ﺍﻟﺜﺎﻨﻴﻪ  ﻭ .ﺍﻟﺘﺠﺩﻴﺩ ﺍﻟﻁﺒﻴﻌﻰ ﻟﻠﻨﻭﻉ ﻓﻰ ﻤﺸﺠﺭ ﻁﺒﻴﻌﻰ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﻤﻘﻁﻊ
ﺯﺭﺍﻋﺔ ﺒﺫﻭﺭ ﻋﻠﻲ  ﺎﺸﺘﻤﻠﺕﻓ ﻤﺎ ﺍﻟﺘﺠﺭﺒﻪ ﺍﻟﺜﺎﻟﺜﻪﺃ. ﻤﻨﻁﻘﻪ ﻤﺤﻤﻴﻪ ﻭﻏﻴﺭ ﻤﺤﺭﻭﺜﻪﻓﻲ ﻋﻥ ﻁﺭﻴﻕ ﻨﺜﺭ ﺍﻟﺒﺫﻭﺭ 
  ﺒﺩﻭﻥ ﺤﺭﺙ ﺍﻟﺸﺎﻫﺩﻫﻰ ﻭ ﻤﻥ ﺍﻟﺤﺭﺍﺜﺔ  ﻤﺴﺘﻭﻴﺎﺕﺜﻼﺙﺒ ﻤﺤﻤﻴﻪ ﻭﻤﺤﻀﺭﺓ ِﺽﺭﺍﻟﺸﺠﺭﺓ ﻓﻲ ﺃﻟﺸﺘﻭل ﻭﻏﺭﺱ 
 .ﺴﺭﺍﺒﺎﺕﻓﻴﻬﺎ  ﻋﻤﻠﺕﺨﺭﻯ ﻤﺤﺭﻭﺜﻪ ﻭ ﺃﺭﺽ ﻤﺤﺭﻭﺜﻪ ﻭﺃ، 
ﺍﻟﻌﺩﺩ )ﻤﺩﺭﻭﺴﻪ ﻟﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﺔ ﻓﻲ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺸﺎﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺘﻌﻠﻘﻪ ﺒﺎﻟﺘﺠﺩﻴﺩ ﺍﻟﻁﺒﻴﻌﻰ ﺃ
ﺤﻴﺙ . ﺭﺘﻔﺎﻋﺎﺕﺍﻹ ﺘﺠﺎﻫﺎﺕ ﻭﻹﺍ ﻟﻤﻭﺍﻗﻊ ﻭﺒﻴﻥ ﺍ (ﺀ ﺍﻟﺸﺘﻭلﻨﺴﺒﺔ ﺒﻘﺎ ﺍﻟﻜﻠﻰ ﻟﻼﺸﺠﺎﺭ، ﻋﺩﺩ ﺍﺸﺠﺎﺭ ﺍﻟﺤﻤﻴﺽ ﻭ
ﻨﺴﺒﺔ  ﺸﺠﺎﺭ ﺍﻟﺤﻤﻴﺽ ﻭﺃﻋﺩﺩ   ﺍﻟﻌﺩﺩ ﺍﻟﻜﻠﻰ ﻟﻼﺸﺠﺎﺭ ﻭ ﻓﻴﻤﺎ ﻴﺨﺹﻗﻊ ﺠﻨﻭﺏ ﺭﺸﺎﺩ ﺍﻓﻀل ﻤﻥ ﺸﺭﻗﻪ ﻤﻭﻜﺎﻥ
ﺜﻼﺜﻪ ﻤﻥ ﺤﻴﺙ ﺘﺠﺎﻫﺎﺕ ﺍﻟ ﺍﻹﻓﻀل ﻤﻥ ﺠﻤﻴﻊﺃﻥ ﺍﻻﺘﺤﺎﻩ ﺍﻟﺠﻐﺭﺍﻓﻰ ﺍﻟﺸﺭﻗﻰ ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃ. ﺒﻘﺎﺀ ﺍﻟﺸﺘﻭل
ﺒﻴﻨﻤﺎ ﺒﻘﺎﺀ ﺍﻟﺸﺘﻭل ﺴﻔﺢ ﺍﻟﺠﺒل ﻨﺒﺎﺕ ﻜﺎﻨﺕ ﻓﻰ ﻓﻀل ﻨﺘﺎﺌﺞ ﺍﻹﻟﺩﺭﺍﺴﺔ ﺃﻴﻀﺎﹰ ﺃﻥ ﺃﺃﻭﻀﺤﺕ ﺍ. ﻨﺴﺒﺔ ﺒﻘﺎﺀ ﺍﻟﺸﺘﻭل
ﻨﺴﺒﺔ ﺒﻘﺎﺀ ﺸﺘﻭل ﺍﻟﺤﻤﻴﺽ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻟﺤﻘل ﺍﻟﻁﺒﻴﻌﻴﻪ ﻻ ﺘﺘﺠﺎﻭﺯ ﻓﺈﻥ  ﻋﻤﻭﻤﺎﹰﻭ . ﺴﻔﻠﻬﺎﺃﺤﺴﻥ ﻓﻰ ﺃﻜﺎﻨﺕ 
 %.01
ﺕ ﺃﻓﻀل ﻋﻠﻲ ﻨﺴﺒﺔ ﺒﻘﺎﺀ ﺸﺘﻭل ﺍﻟﺤﻤﻴﺽ ﻜﺎﻨ ﻨﺒﺎﺕ ﻭﻤﻌﺩل ﺍﻹ ﻨﺘﺎﺌﺞ ﻥﺈﺘﺠﺭﺒﺔ ﻨﺜﺭ ﺍﻟﺒﺫﻭﺭ، ﻓﻓﻲ ﻤﺎ ﺃ
 .ﻓﻲ ﺍﻟﻬﻀﺒﺔ% 03 ﻭ ﻗﺩ ﺒﻠﻐﺕ ﻨﺴﺒﺔ ﺒﻘﺎﺀ ﺍﻟﺸﺘﻭل .ﻗﻤﺔ ﺍﻟﻬﻀﺒﺔ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻤﻭﻗﻊ ﺍﻟﺴﻬﻠﻲ
ﺘﺭﺒﻪ ﻗﺩ ﺭﻓﻌﺕ ﻨﺴﻴﺔ ﻥ ﻜل ﻤﺴﺘﻭﻴﺎﺕ ﺘﺤﻀﻴﺭ ﺍﻟﺇﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﺒﺨﺼﻭﺹ ﺘﺠﺭﺒﺔ ﺍﻟﺒﺫﺭ ﺍﻟﻤﺒﺎﺸﺭ، 
ﻗﻁﺭ  ﻭﺔ ﻓﻲ ﺇﺭﺘﻔﺎﻉ  ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺕﺩﻭﺠ .ﻓﻰ ﻓﺘﺭﺓ ﺸﻬﺭ% 001 ﻨﺒﺎﺕﺇﺒﺔ ﺴﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﻨ ﺇﺫ .ﺍﻻﻨﺒﺎﺕ
iix 
ﻟﻜل ﺍﻟﻤﺘﻐﻴﺭﺍﺕ  FP ﻓﻰ ﺍﻟﻤﻌﺎﻤﻠﻪ ﻓﻀﻼﹰﻜﺎﻥ ﺃﺩﺍﺀ ﺍﻟﺸﺘﻭل ﺃﻥ ﻨﻤﺅ ﻭﺇﻭﺠﺩ  ﺇﻴﻀﺎﹰ ﻗﺩ ﻭ. ﺍﻟﺸﺘﻭل ﺒﻴﻥ ﺍﻟﻤﻌﺎﻤﻼﺕ
 %.87ﺍﻟﻰ % 65 ﺒﻴﻥ ﺔﺍﻟﻤﻌﺎﻤﻠ ﻓﻲ ﻫﺫﻩ ﺒﻘﺎﺀ ﺍﻟﺸﺘﻭلﺕ ﻨﺴﺒﺔ ﺘﺭﺍﻭﺤ ﺍﻟﻤﻘﺎﺴﻪ ﻭ
 ﺭﺘﻔﺎﻉ ﻭﻓﻲ ﺇ ﺔﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﻓﻘﺩ ﺃ،  ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒﺘﺠﺭﺒﺔ ﻨﻘل ﻭﻏﺭﺱ ﺍﻟﺸﺘﻭل
 ﻭ FP ﺘﻴﻥ ﺒﻴﻥ ﺍﻟﻤﻌﺎﻤﻠﺔﺘﻭﺠﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﻡ ﺒﻴﻨﻤﺎ ﻟ .FP ﻭ P ﻠﺘﻴﻥﺍﻟﻤﻌﺎﻤﻭPN   ﺔ ﺍﻟﺸﺘﻭل ﺒﻴﻥ ﺍﻟﻤﻌﺎﻤﻠﻗﻁﺭ
 %.68ﺍﻟﻰ % 65ﺒﻴﻥ ﺔ ﻘﺎﺀ ﺍﻟﺸﺘﻭل ﻓﻰ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﻨﺴﺒﺔ ﺒ ﻗﺩ ﺒﻠﻐﺕ ﻭ. P
 ﺎ ﻟﻀﻌﻑ ﻨﻤﺅﻫ ﻁﺒﻴﻌﻴﺎﹰﺎﺴﻴﺴﻬﺄﻴﺼﻌﺏ ﺘ ﺽﺍﻟﺤﻤﻴﺸﺠﺭﺓ ﻥ ﺇ ﺔﺴﺘﻨﺘﺎﺝ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﻴﻤﻜﻥ ﺍﻹ
 ﻲﻀﺍﺭﺃﻭ ﺍﻟﺸﺘﻭل ﻓﻰ ﺃﺭ ﻭ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺒﺫﻨﺎﻋﻴﺎﹰﻁﺼﺇﻴﺴﺘﺯﺭﻉ ﺇﻻ ﺇﻨﻪ ﻴﻤﻜﻥ ﺃﻥ . ﺩﻴﺩﺓ ﻋﻟﻠﺘﻠﻑ ﺒﻌﻭﺍﻤل ﺎﻭﻗﺎﺒﻠﻴﺘﻬ
ﻓﺈﻥ ،  ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒﺨﺼﺎﺌﺹ ﺍﻟﻤﻭﻗﻊ ﺃﻤﺎ .ﺒﻪ ﺴﺭﺍﺒﺎﺕ  ﺍﻟﻤﺤﺭﻭﺙ ﻭﺭﺽ ﻓﻰ ﺍﻷ ﻭﺨﺼﻭﺼﺎﹰﺔﻤﺤﻤﻴ ﻭﻤﺤﻀﺭﺓ 
ﺫﺍﺕ  ﺴﻔﻭﺡ ﺍﻟﺠﺒﺎل ﻭ ﺍﻟﻬﻀﺎﺏ ﺍﻟﻤﻘﺎﺒﻠﺔ ﻟﻺﺘﺠﺎﺓ ﺍﻟﺸﺭﻗﻲ ﻭ  ﻓﻰ ﺠﻴﺩﺍﹰﺎﺴﻴﺴﻬﺄﻴﺘﻡ ﺘﺸﺠﺭﺓ ﻴﻤﻜﻥ ﺃﻥ  ﺍﻟﻩﻫﺫ
 ﺤﻭﺍل ﻭ ﻓﻰ ﻜل ﺍﻷﺓ ﺍﻟﺠﻴﺩﺔﺍﻟﺤﻤﺎﻴﺸﺠﺭﺓ ،  ﺍﻟﻩﻫﺫﻤﻌﻘﻭل ﻟﻤﺸﺠﺭﺍﺕ ﺴﻴﺱ ﺄ ﻭﻟﺘﺤﻘﻴﻕ ﺘ. ﻟﻠﻤﻴﺎﻩﻑ ﺍﻟﺠﻴﺩﻴﺼﺭﺘﺍﻟ
 .ﻟﺯﺍﻤﻰﺇﻤﺭ ﻀﺭﻭﺭﻯ ﻭﺃﻓﻰ ﻜل ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ 
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                                                   Chapter 1 
Introduction 
 
1.1  Background 
Sudan is the largest African country which covers an area of about 2.5 
million Km2. It is located between Lat. 4 - 22º N and Long. 22 - 36º E.  Sudan is 
administratively divided into 25 States. The most salient geographic feature is 
the River Nile and tributaries, which traverse the country from south to north. 
The country consists of various climatic zones resulting in different 
ecological and vegetation zones from north to the south. The climate is 
controlled by the relationships between the dry continental air flow from the 
north and the moist air flow from the south and southwest, originating from the 
Atlantic and Indian oceans (Badi et al, 1989). These two air flows control the 
distribution of the rainfall over the various regions of the country. Accordingly, 
the fall duration and the length of the rainy season gradually increase from north 
to the south throughout the country, though the effect of local topography can 
have significant effects (Jebel Marra and Imatong mountains). The average 
rainfall ranges from 4 mm at Wadi Halfa in the north to over 2000 mm at Gilo 
in the Imatong Mountains in the south (Badi et al, 1989). The soils of the 
country can be classified as 60% sandy, 30% heavy cracking clays and 10% red 
soils of different types (Abdel Nour, 2000). The combination of rainfall and soil 
texture determines the distribution of vegetation (Sahni, 1968). 
The total World Forest cover is estimated as 4077 Million hectares in 
1990. It was reduced to 3953 Million hectares by 2005 (FAO, 2005). The forest 
area in Africa is estimated at 635 million hectares, equivalent to 21 percent of 
the total land area, or about 0.7 hectares per person. The net loss of forests 
remains alarmingly high at an estimate of 4.0 million hectares per annum 
between 2000 and 2005. However, presently the rate of loss is decreasing when 
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compared to the 1990s and now it is lower than previously assessed (FAO, 
2005). 
Sudan vegetation was divided into the following zones and main types 
(Harison and Jackson, 1958; Sahni, 1968): (1) Desert (2) Semi-desert (3) Low 
rainfall woodland savannah (4) High rainfall woodland savannah (5) Flood 
Region (6) River bank belts and (7) Montane vegetation. The main zones were 
divided into sub-zones according to the soil types (Figure 1).  
 
Figure 1: Sudan vegetation divisions map (Sahni, 1968) 
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Forest and woodland areas of the Sudan amount to about 34.5% of the 
total geographical land of the country of which the natural forests are estimated 
to cover 19.3% of the total area (Ibrahim, 2000). Forests provide many products 
like food, fuel, medicine, agricultural implements, grazing of livestock and for 
the construction of dwellings beside recreation in addition to many indirect 
benefits (Abdle Magid, 2001). Forests are a source for food security and job 
opportunities outside the agricultural season. The production of honey and wax, 
game hunting and gum collection are complementary seasonal activities. 
Forestry has a significant role to play in assuring present and future food 
security by improving both economic and physical well being of the rural 
people. Its role can be felt directly in the production of wood and non-wood 
forest products (NWFPs). The wood products provide timber, fuelwood and 
building materials. The NWFPs provide substantial cash income, edible fruits to 
the rural people, in addition to the use of trees in folk medicine (Dovie, 2003). 
The term Non-Wood Forest Products was coined by Debeer and McDermott 
(1989) in an attempt to raise the awareness of the importance of forests other 
than commercial logging. Both wood products and especially, NWFPs play a 
central role in rural livelihoods and informal economy throughout Africa (El 
Amin, 2000a). The livelihood contribution made by NWFPs is not reflected in 
the African economy and therefore often not appreciated by policy makers. In 
Africa NWFPs are often important buffers to households during seasonal food 
shortages when agricultural crop supplies are not enough (El Amin, 2000a).  
The main driver for research in the area of NWFPs is to increase the awareness 
of alternative values of forests in an attempt to promote sustainable use and 
conservation of forest ecosystems. Equally important is the realization that 
forests are significantly important resource for the maintenance of rural 
livelihoods. Commercial forest exploitation for timber does very little in 
providing livelihood opportunities to the forest dwelling communities, and can 
result in decreased livelihood opportunities in the long-run (Kumar and Saxena, 
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2002). The forestry sector in Sudan contributes approximately about 12% of the 
Gross National Product, besides the indirect benefits it renders in the way of 
environmental protection, soil amelioration and work opportunities for rural 
population (El Amin, 2000b). 
Sudan forests extend across several agro-ecological zones, which imply 
the existence of a diversity of fauna and flora species that contribute directly or 
indirectly to the sustainable livelihood of local communities. Traditionally, 
forests of Sudan have been managed by forest-dependent communities to satisfy 
their needs from forest products. An accumulated indigenous knowledge with 
respect to the local use of trees and forests to provide food and other non-wood 
materials have been recognized (El Amin, 2000a). Badi (1993) listed about 150 
tree species that can provide NWFPs. These play significant role in household 
livelihood and in the economy of rural communities. Besides, tree species 
supply about 33% of the total feed requirements for the national herd and 
provide habitat and food for wildlife. 
In spite of all the above mentioned benefits from forest trees and shrubs, 
the forestry sector receives little attention from the government and policy 
makers. As a result, the forest cover of the country was reduced from  34% to 
less than  18.1% and that about 1.1 million feddans are deforested and lost 
annually from 1980 to 1990 (ElAmin, 2000b). Natural forests are subjected to 
damage by many factors, including: drought and desertification, illicit tree 
cutting, mechanized agriculture, overgrazing…etc.    
Based on the above the present study was conducted to find ways and 
means to rehabilitate degraded Sclerocarya birrea forests in El Rashad Province 
in the Eastern Nuba Mountains, south Kordofan State, Sudan. The species (S. 
birrea) under the study lies on the low rainfall woodland savanna. The species 
is distributed in some areas of Darfur, Kordofan, Bahr Elgezal and Blue Nile 
regions where rainfall exceeds 600 mm per annum (Elamin, 1990). 
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1.2 Problem statement 
Sclerocarya birrea (A.Rich.) Hochst a member of Anacardiaceae family, 
locally known as “Homeid” is a component of natural forest which can be found 
in pure or mixed stands. It is found in the savannah woodland areas where 
rainfall is averaging 600 mm. It is naturally found in arid and semi-arid dry 
lands which are characterized by low rainfall, high temperatures and high 
potential evapotranspiration. The soil where the species occurs is shallow, 
inherently infertile and prone to capping which reduces rainfall infiltration and 
increases water runoff. 
S. birrea is a multipurpose tree species and every part of it is useful. Its 
fruits are used as food and for oil extraction; shoot tips and roots are used as 
medicine; leaves and young saplings as forage; wood for timber and building 
materials and dead stumps harbor edible larvae. This important species 
encounters several problems: cutting for fuel and building materials; browsing 
by animals of fruits and seedling; damage by drought and desertification. The 
naturally growing trees are increasingly exploited for timber production as 
substitute for the diminishing more valuable timber tree like Cordia africana. 
Natural regeneration is hardly observed due to a number of agents that cause 
damage to young trees, such as livestock and wild animals…etc. The above 
mentioned ecological and biological constraints have endangered the natural 
existence of the species. Therefore, to establish trees successfully in these dry 
lands, special techniques are required to make better use of the scarce water 
resources available for tree growth and to protect young trees from damaging 
agents. Hence, this study aims at finding appropriate techniques to establish the 
species artificially and to enhance its natural regeneration. 
 
1.3 Objectives of the study 
The over-all objective of this study was to assess early establishment of S. 
birrea seedlings under field conditions. Both artificial and natural regeneration 
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methods involving direct sowing and seedlings transplantations were used with 
different soil preparation methods. It is supposed that seedling establishment 
and development are affected by soil preparation techniques and amount and 
depth of soil moisture. In addition, Seedlings growing in enclosures have better 
chances for establishment than in open unprotected land. The specific objectives 
were: 
1- To carry out an inventory of S. birrea stands and assessment of its natural 
regeneration; 
2- To assess S. birrea seed germination under the field conditions; 
3- To assess S. birrea establishment by direct seed sowing in prepared and 
protected land; 
4- To assess S. birrea establishment by seedling transplantation in prepared 
and protected land. 
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Chapter 2 
Literature Review 
 
2.1 Taxonomy and botanical description of Sclerocarya birrea 
According to Thirakul (1984) the common classification of the tree is as 
follows: 
Family: Anacardiaceae (mango family). 
Latin name: Sclerocarya birrea (A. Rich.) Hochst.  
Subpecies: birrea, caffra, multifoliolata and gellittii recently found in Senegal. 
Synonyms: Spondias birrea (A. Rich), Poupartia birrea (A. Rich) Aubrev. 
English name: Marula 
Arabic name: Homeid. 
S. birrea is medium sized to a large deciduous tree reaching up to 20 
meters high and 65 cm in diameter at maturity, with an erect trunk and rounded 
crown (Plate 1). It is easily recognized by its typical imparipinnate leaves, 
clustered and crowded at the end of the branches and 10 - 25 cm long (Thirakul, 
1984); blaze is 1 - 1.5 cm thick, slash orange-pink with green edges. Petioles are 
about 1 - 2.5 cm long. Flowers terminal spikes reach up to 8 cm long, erect, 
dioecious, small red-purple. The male flowers produce pollens and the female 
flowers produce the fruit for which the tree is so well known (Coates, 1983). 
The bark is grey to dark grey, rough, slightly fissured and flaking off in small 
elongated scales. 
The tree starts flowering from November to January every year and 
fruiting February-Marsh (Thirakul, 1984). However, fruiting between Aprils to 
June was observed by the authors in the study site. Fruits are drupes, obviate in 
shape about 3 to 4 cm long, mango-like, yellow with a juicy fibrous pulp 
surrounding the hard stone, edible. Fruits often appear before the leaves. 
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2.2 Distribution 
The most comprehensive distribution map for S. birrea is that of Peters, 
(1988) (Figure 2). S. birrea occurs throughout most of the sub-saharan African 
countries, from the Atlantic to the coasts of the Indian Ocean (Fabregues and 
Lebrun, 1976; Moreau, 1952; Axelords Raven, 1978). The three different 
subspecies occupy different parts of this range but they occur in northern 
Tanzania, the southern limit for subspecies birrea. Subspecies caffra has been 
reported only south of the equator. Subspecies multifoliolata is generally 
described as endemic to Tanzania but is possibly also present in the adjoining 
parts of Kenya (Dale and Greenway, 1961). Hepper (1979) reported that areas 
of low records of its presence are the extensive flood-prone areas of southern 
Tachad. Outside the natural range, subspecies caffra is grown as an 
experimental crop in Israel and has been planted occasionally in Reunion and 
Mauritius (Friedmann, 1979). Trees are also reported to have been planted as 
botanical garden specimens in the USA, Florida (Gillis 10438, BM- subsp. 
Caffra); India (Dehra Dun – subspecies birrea and caffra – Chadha, 1976); 
Oman (Lawton 1009, BM) and Australia (subspecies uncertain). 
 
2.3 Physical requirements 
2.3.1 Elevation 
S. birrea is a constituent of low elevation (mostly < 1600 m a.s.l) vegetation (fig 
2). It prefers locations of gentle slopes and higher undulating or leveled parts of 
landscape. Positions close to drainage lines are unsuitable for the species 
(Poynton, 1984). All the three subspecies have, however, been reliably reported 
from elevations of at least 1500 m e.g subspecies birrea at around 1700 m in the 
Jebel Marra area, Sudan (Miehe, 1988); subspecies caffra at 1700 – 1800 m in 
East Africa (Kokwaro, 1986), and subspecies multifoliolata at 1500 m in the 
Ngorongoro area, Tanzania (Kokwaro, 1986). 
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2.3.2 Geology and soils 
The soils where the species occurs are derived from geological 
formations ranging from basalts, basement complex rocks and sedimentary 
rocks of various ages to quaternary deposits. The soils associated with S. birrea 
are restricted to the general texture. Sandy texture is specified much more than 
any other formation for all the subspecies but sandy loam and loam are also 
frequently mentioned. Heavy soils are regarded as unsuitable for subspecies 
caffra in Botswana (Timberlake, 1980). However, heavier soils are also reported 
to support well established populations of especially subspecies caffra in 
southern Africa (Werger and Coetzee, 1978; Shacklton and Scholes, 2000), and 
subspecies birrea in Nigeria (Tuley and Alford, 1975). Deep soils with good 
drainage are generally desirable by the species. The soil reaction of the top 
horizons (20 cm deep) is generally weakly acidic to neutral (pH 5 - 7), although 
tree association with more acidic conditions (pH 4 or less) was reported from 
Sudan by Morison et al (1948). Various views have been expressed about the 
fertility of the soils where S. birrea grows but comments often suggest low 
fertility. Ohler (1985) refers specifically to low nitrogen and phosphorus levels 
for subspecies birrea in Mali. In a case study in Tanzania, Trapnell (1953) 
reported that S. birrea showed wide variation of existence from site to site even 
in one country. 
 
2.3.3 Rainfall 
The species is associated with strongly seasonal rainfall (Fig 3). For both 
subspecies birrea and caffra mean annual rainfall is usually between 500 to 
1250 mm and monthly rainfall usually exceeds 50 mm in 4 - 5 months. 
Subspecies birrea occurs in 5 - 7 months wet period, and subspecies caffra is 
present in more humid conditions, 6 - 9 month wet period (more than 50 mm 
monthly average and a total annual between 1200 and 1600 mm). Subspecies 
birrea also occurs in more arid conditions in parts of Madagascar with only 2 to 
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3 month wet period (total annual fall of 250 to 500 mm). While subspecies 
multifoliolata occurs in relatively humid conditions with mean annual rainfall 
between 600 to 1400 mm and 4 - 8 months wet period. These data were reported 
from metrological stations in Tanzania (FAO, 1984).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Distribution of S. birrea; green subsp. 
birrea, red subsp. caffra and blue multifoliolata 
(Peter, 1988)  
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Figure 3: Distribution of S. birrea with respect to 
elevation (Peter, 1988) 
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Figure 4: Distribution of S. birrea in relation to rain 
fall (Peter, 1988) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3.4 Temperature regime 
Populations north of the equator (subspecies birrea) enjoy higher 
temperature regimes (mean annual temperature ranges 22 - 29 °C) than those 
(subspecies caffra and multifoliolata) found south of the equator (mean annual 
temperature generally 19 - 26 °C) (Teichman, 1983). 
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2.4 Biology 
2.4.1 Germination and juvenile development 
Monitoring of seed germination under natural conditions appears not to 
have been reported. However, literature references for subspecies caffra 
germination suggest an interval of some 6 - 10 months between fruits fall, seed 
dispersal and germination in the field (Teichman, 1982; Lewis, 1987). This has 
promoted the view that a dormant period must elapse or dormancy be broken by 
pre-treatment before germination takes place. Dormancy allows viability to be 
retained through the season of the year when conditions are not favorable for 
establishment. Over this period, the hermetic seal (a band of parenchymatous 
tissue) between the operculum closing the germination aperture and the rest of 
the endocarp is weakened, enabling moisture to enter and be imbibed by the 
seed (Teichman and Robbertse, 1988). Hill (1933) indicated that prolonged 
exposure to moist conditions resulted in the necessary weakening of the seed 
coat. Teichman, (1982) suggested that agents involved in the weakening process 
include bacteria and insects. 
Few references and information about the rate of growth are reported, so 
generalization about the typical life cycle of S. birrea is difficult. Lewis (1987) 
reported that in Tanzania, after germination the shoot of subspecies caffra 
rapidly sprouts and may reach 0.3 - 0.7 m within five months. Nevertheless, it is 
probable that prevailing conditions often limit the height growth (Jacobs and 
Biggs, 2002). Potential for fast growth is reflected by observations made under 
nursery or similar circumstances. Maghembe et al (1994) and Maghembe, 
(1995) recorded mean heights of 1.9 m and 3.9 m after 27 months and 48 
months, respectively. Nikiema et al (1993), in Burkina Faso, recommended 11 
weeks nursery period to raise seedlings 0.3 m tall for subspecies birrea. 
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2.4.2 Phenology 
Bie et al (1998) indicated that for subspecies birrea, the leafless state 
persists through 7 - 8 months under rain fall of 600 mm in northern Burkina 
Faso but only for 3 - 4 months under higher rainfalls (800 - 900 mm) further 
south in Mali. These periods largely correspond to the dry season, although soil 
stores of moisture may delay leaf fall for about one month after the wet season 
ends (Seghieri et al, 1995; Devineau, 1999). Seghieri et al (1995) noted that, 
however, on a local scale in Cameron the onset and duration of the leafless 
period varied with site quality. Flowering is a dry season event in both 
subspecies birrea and caffra (Breitenbach, 1963). Teichman (1982) associated 
flowering with the flush of new foliage. Devineau (1999) noted a mean duration 
of 4 months for the flowering state of individual trees of subspecies birrea in 
Burkina Faso. The timing of fruiting appears to be more variable, but fruits may 
remain on the tree for 2 - 3 months, being at various stages of maturity. In the 
case of subspecies caffra, fruiting is often well within the rainy season, as noted 
in Zimbabwe by McGregor (1995) since flowering has taken place at the end of 
the dry season. Breman and Kessler (1995) referring to the West Africa Sahel 
zone, associate the fruiting of subspecies birrea with the dry season. Fruit fall 
per tree of subspecies caffra in Zambia continued for periods of 1 - 3 months 
(Lewis, 1987). The information on subspecies multifoliolata while, limited, is 
consistent with a flowering event that occurs at the end of the dry season and 
fruiting during the succeeding wetter period. 
Flower and fruit production vary more than foliage production from year 
to year and among the individuals. There is wide inter-annual variation in fruit 
production in subspecies caffra (Todd, 2001) and subspecies birrea (Munjuga, 
2000), even to the extent of many individuals being reproductively inactive in a 
season following a normal fruiting season. This presumably accounts for the 
widely held view that, trees that bear a good fruit crop in a certain year tend to 
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develop poor fruit crop in the subsequent year. No reports about this 
phenomenon relating to subspecies multifoliolata have been recorded. 
 
2.5 Propagation 
2.5.1 Seed handling and propagation  
Most existing Sclerocarya species trees have naturally established and, in 
the natural range, it is common to find the species regenerating on farmland 
under mature trees soon after the rains. Seeds germinate readily once the bond 
between the opercula and the rest of the endocarp has been weakened. Exposure 
to conditions at the soil surface leads to this in time, allowing the seeds within 
to imbibe moisture. However, natural regeneration is slow and growth rates 
among the seedlings are uneven. Furthermore, regenerating seedlings are rarely 
recruited to the sapling stage due to destruction by browsing animals and 
cultivation for agriculture. To ensure natural regeneration, the following steps 
can be taken: uproot some seedlings to leave the number required, at the spacing 
required; construct water harvesting structures around the seedling; protect the 
remaining stems from browsing animals by putting a fence around every stem 
and weed regularly to control competition from unwanted vegetation. There 
have been few attempts to propagate S. birrea in the nursery or to transplant 
seedlings into the field. Attempts to propagate from seeds raised several key 
issues. Germination rates are low unless proper storage and pre-treatments of 
seeds are adequately observed. The dioecious nature of S. birrea means many 
seedlings raised will be male and unable to contribute directly to fruit supply on 
reaching maturity. A sex ratio of 1:1 has been estimated for S. birrea (S. 
Mateke, personal Communication). Thus, half of each seedling population is 
potentially of fruit-bearing female trees. This and the relatively late onset of 
fruiting make vegetative propagation through cuttings or grafting a very 
attractive alternative. 
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Seedlings raised in the nursery produce long taproots and if the pots are 
small, roots can be coiled and penetrate the pot which can be detrimental to 
good tree establishment and development in the field. However, seedling 
production in the nursery is justified and important for raising stocks for 
grafting or later top working in the field. 
For practical purposes in the nursery a stone (endocarp) is considered a 
seed. The large oval woody stones of subspecies caffra may weigh up to about 
12 g each, contributing about 50% of the weight of the whole fruit, but some 
reports suggest smaller sizes (Msanga, 1998). Propagation of Sclerocarya 
birrea from seed requires pre-preparation because there is dormancy. Seed 
dormancy can be broken through the following process: 
1/ Take out the skin and pulp off the stone carefully; 
2/ Dry the stones in the sun for at least seven days, three weeks have been 
recommended (Maruzane et al, 2002); 
3/ Store the dry stones in a well-aerated shady place and expose them to low 
temperatures (< 10 °C).  
Soaking in cold water for 12 - 24 hours but not more than 36 hours has 
also been recommended as means of making operculum removal easier. Msanga 
(1998) suggests for preparation on large scale, that fruits are soaked in water for 
24 hours then churned in water in a concrete mixer with gravel (2 parts by 
weight fruit: 1 part by weight gravel). The water with the fruit skins and pulp is 
poured off after churning and the endocarps picked out of the gravel by hand. In 
the absence of a mixer, large scale preparations can be undertaken by pounding 
fruits in a mortar with coarse sand, after 24 hours soaking in water. Endocarps 
retrieved are sun-dried for at least tow days. 
Under suitable conditions, germination may take as little as four days (or 
even less in terms of the first sign of the radicle emerging from the endocarp) to 
four weeks. Germination rates of up to 100% have been achieved within four 
weeks of sowing; there is, nevertheless, wide variation using endocarps. 
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Teichman et al (1986) investigated in the laboratory conditions the influence of 
several factors on the germination of subspecies caffra including scarification 
with concentrated sulphuric acid which proved ineffective. 
Seeds of subspecies caffra have been described as orthodox and amenable 
to storage for future use by Msanga (1998). Were and Munjuga (1998) 
suggested that S. birrea seeds are "intermediate" in terms of retention of 
viability because of a high germination percentage (39%, with opercula 
loosened) after one year storage. At the other extreme, Mbuya et al (1994) 
report for subspecies caffra in Tanzania, that seed viability lasts for three 
months at ambient temperature. The viability of well-stored seeds is retained for 
an estimated period of four years, after which it is gradually lost (Msanga, 
1998). If the seeds are to be transported, it is recommended to pack the dry 
endocarps in cotton bags, plastic drums or cardboard boxes. 
 
2.5.2 Vegetative propagation 
Vegetative propagation of S. birrea is important for two main reasons. 
Since the plant is dioecious, the planter may want to have more female fruit 
bearing trees than male pollinators. Also, the fruit quality of trees varies greatly. 
Experience has shown that young trees of subspecies caffra readily produce 
coppice shoots (Mbuya et al, 1994). Shone (1979) expresses doubt over how 
often trees arising from coppice shoots attain the sizes reached at maturity by 
individuals which have grown directly from seed. Several methods of vegetative 
propagation have been tested with S. birrea: branch cuttings with juvenile 
wood, truncheons, budding, air layering, root severance and grafting (Maruzane 
et al, 2002). 
Grafting seems to be the most promising means of vegetative propagation 
for S. birrea and has been used successfully in Botswana, South Africa and 
Zimbabwe. For subspecies caffra fruiting of scions has been observed within 
short periods of carrying out grafting. Taylor and Kwerepe (1995) reported fruit 
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production, in Botswana, from half of 20 grafted plants in the fourth year after 
grafting. Maundu et al (1999) noted fruit production in subspecies caffra three 
years after grafting. Sclerocarya birrea grafting is most successful when carried 
out immediately after dormancy breaking (around September in Southern 
Africa) using scion material from the tips of branches (Holtzhausen et al, 1990; 
Taylor and Kwerepe, 1995). According to Maruzane et al (2002) scion wood is 
best collected in cool late evening or early morning conditions to avoid 
temperature induced moisture loss. Successful rates of over 95% have been 
reported based on the following procedure: 
1/ Use seedlings whose stem diameter is at least a pencil thickness, and chose 
healthy scions from superior mother trees. The scion has to be of the same 
diameter as the rootstock. Cut any leaves off the scion but leave some on the 
rootstocks below the graft union; 
2/ Decapitate the rootstock at or above 20 cm (two hand widths) from the old 
surface and make a 1 - 2 cm (thumb width) deep vertical cut; 
3/ Cut the basal end of the scion into a wedge with a slicing (not pressing) 
movement; 
4/ Insert the scion into the rootstock ensuring a tight match of the clearly visible 
green cambial rings; 
5/ Tie the graft using thin plastic strips; 
6/ Cover the graft with a plastic bag or move the grafted plant into greenhouse, 
or under shade. 
The graft should take about 4 - 6 weeks, by which time new leaves will 
be sprouting from the scion. After 6 - 8 weeks, remove the plastic cover and 
tying material and move the plant from the greenhouse into shaded area. The 
plant should be gradually hardened to full sunlight. Whip grafting was used in 
Botswana by Mateke and Tshikae, (2002). 
Cuttings are pieces of stem or shoot induced to grow their own roots and 
shoots. Various media have been successfully used for raising cuttings 
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including soil, sand, humus and the more costly vermiculite (Maruzane et al, 
2002). Stem cuttings are usually most successful when taken from young 
seedlings which have not yet expressed their sex, although the propagation of S. 
birrea is possible from such cuttings, their use is of limited value because of the 
dioecious nature of the species. However, stem cuttings can be used to produce 
clonal rootstocks for later grafting. Shone (1979) suggests use of young growth 
from branch tips, taken when the buds are swelling. More successful than small 
leafy cuttings from immature plants is propagation through truncheons. Shone 
(1979) suggests these should be 10 cm in diameter and 2 m long, with the 
proximal 0.6 m inserted in the ground, and that it is important to keep the 
surrounding soil damp. Five centimeter diameter is suggested by Taylor and 
Kwerepe (1995) and stouter truncheons (as much as 15 cm diameter) by (Wyk, 
1974). Truncheons can be cut from mature trees and will generate trees of the 
same sex as the source plant. 
Within the natural range of S. birrea, planting initiatives have been 
reported from a number of countries but have always been on small scale or of 
single trees, and generally experimental or ornamental. For subspecies caffra, 
planting trials were reported by Keet (1950), Shone (1979) and Campbell 
(1986) in Namibia, South Africa and Botswana, respectively. Planting 
experiences were also recorded by Stewart (1942) in Ghana and Mailly et al 
(1994) in Senegal for dune fixation. Ungrafted trees should be planted at least 
10 m apart; 6 m spacing is suggested as the minimal interval between grafted 
trees. Planting holes should be made 80 cm deep and 80 cm wide and square, as 
round holes encourage roots to grow in a circle causing poor anchorage. The 
first 40 cm of topsoil is dug out and put in a pile. Then the next 40 cm of subsoil 
is dug out and put in another pile. The topsoil is mixed with 5 kg of compost or 
old manure and returned into the hole. The hole is refilled with half of the 
remaining subsoil and the rest is used to make a small wall or dam in a circle 50 
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cm from the edge of the hole. This will help collect water and improve water 
infiltration. 
S. birrea grows best in areas with no frost, generally hot, and where the 
air is dry. Young plants can be damaged by frost but can survive drought. Frost 
damage can be avoided by tying sacking or grass around the young trees during 
the winter months. The tree needs direct sunlight to grow and for the fruit to 
ripen. Protection from wind is equally important because strong winds can 
break shoots, dry out new leaves, reduce or arrest growth and blow flowers and 
fruits off the trees. It grows in a range of soil types but does not flourish where 
drainage is poor. As its roots penetrate deeply during the first two years after 
planting, 10 liters of water should be supplied every two weeks to each tree, 
except during rainy periods. Apart from damping off and root collar restriction 
caused mainly by fungal attacks, no major nursery diseases of the tree have 
been reported. It is, nevertheless, susceptible to variety of pests and diseases.      
 
2.6 Utilization 
In the former homeland of Venda it was a criminal offence to cut down a 
living tree of this species. The wood is used for fuel, building, furniture, 
paneling, flooring, carvings and household utensils like spoons. Drumps and 
yokes for certain animals are made from the wood of this tree. In Namibia some 
people use the wood for sledges. Boats are also made from the trunk. 
The bark has a strong fiber that is plaited into rope (Irvine, 1961; Sahni, 
1968; Goosen, 1985) and woven in to mats (Katende et al, 1995). Red-brown 
dye can also be produced from the fresh skin of the bark. 
After kernel extraction, the endocarp debris is valued as kindling material 
or as the heat source (Shackleton et al, 2002). The gum of subspecies birrea 
contains tannins, so it is not suitable as an ingredient of foodstuffs. Also it has 
been used for making ink as a solution in water mixed with soot (Dalziel, 1937). 
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Recorded traditional local use for subspecies caffra in Botswana and Namibia is 
as a carrier for hunting poison on tip arrows (Shackleton et al, 2002). 
S. birrea plays a very significant role in the diet and culture of the people 
in many countries, especially in southern Africa. It is one of the four most 
important indigenous food plants in Swaziland (Dlamini, 1998; Anonymous., 
2000). The fruit is used as a sweetener of local foods and as a curdling agent for 
milk (Eromosele et al, 1991). Both the pulp and nut-like seed kernel of the fruit 
are nutritious and commonly exploited as wild food resources throughout large 
portions of Africa. The inflorescences are a source of nectar for bees. Secondary 
food resources include edible caterpillars (mopane worms) and wild as well as 
domesticated animals that feed on its leaves, and honey from bees nesting in its 
bark. The tree (marula) oil has been successfully refined at both bench and 
commercial scales. The extracted unrefined oil has a clear light yellow color 
and is suitable for soap manufacture and edible uses (Shone, 1979). It is a 
source of vitamin E (Burger et al, 1987). Shongwe, (1996), investigated into the 
quality of traditional marula beer brewed in Swaziland, he reported that the 
quality of marula beer was comparable to that of some commercial beer besides 
it is nutritious and not as intoxicating as other beers Alcoholic beer known as 
Mukumbi is also made from the fruits by the Vhavenda people. A liqueur 
known as Amarula made from this tree is commercially available. Fruit-farming 
communities prefer planting a couple of these trees to attract pollinators to their 
farm in early spring. The whole tree is a fine shade tree, under which kraal 
craftsmen and labors gather and work and which often serves as the spiritual 
centre for ritual activity in kraals and villages (Goosen, 1985). 
The fruit is relished by many game animals and is commonly gathered 
and fed to domestic animals as fodder, especially during famines. The 
relationship of elephants with S. birrea has been the focus of more attention 
than any other relations with fauna (Wyk, 1974; Shone; 1979; Storrs, 1979). 
Elephant impact at its most extreme involves pushing susceptible trees over, 
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uprooting them, and then consuming all parts except the main trunk and large 
branches. Even exposed roots may be eaten (Palmer and Pitman, 1972; 1974). 
Nomads in the Sudan use to prone the branches or even cut down trees for 
feeding their animals. The tree is browsed by animals of both fruits and 
seedling. 
S. birrea is used as a medicinal plant throughout its distributional range. 
Almost all parts of the plant but especially the bark and leaves are exploited for 
medicinal uses as described by Watt et al (1962) for eastern and southern Africa 
regions, Burkill (1985) and Irvine (1961) for western Africa and Andriamihaja 
(1988) for Madagascar. Traditionally the bark provides medicinal material for 
treating malaria, venereal diseases, diabetes and dysenteria diarrhea (Oliver, 
1960; Irvine, 1961; Watt et al, 1962; Adjanohoum et al, 1979; Burkill, 1985; 
Andriamihaja, 1988). It is also used to treat haemorrhoids (Adam et al, 1972), 
snakebites (Oliver, 1960; Sindiga et al, 1995) and liver diseases (Maundu et al, 
1999). Generally the bark is used for treatment of different internal and external 
diseases according to Burkill (1985). In Kenya the bark of the root is added to 
the milk to make a healthy drink for children (Maundu et al, 1999). Powdered of 
the bark, mixed in a drink of milk or millet water is used to reduce fevers. A 
similar drink, mixed with dried onion leaves and other ingredients, is used to 
treat haemorrhagic menstruation (Adam et al, 1972). The bark is also used for 
traditional veterinary medicine (Kela et al, 1989). It is traditionally assumed that 
the mature bark on the trunk is the most potent medicinally and more potent 
than other parts of the plant (Sindiga et al, 1995). The leaves are rich in 
flavonosides and used to treat fever (Boiteau, 1986; Bossard, 1996). They are 
also used alone or with bark to treat skin irritations or insect bites 
(Andriamihaja, 1988). According to Burkill (1985) roots are pounded up with 
water and drunk for schistosomiasis and for washing scabies in Tanzania. 
Fermented fruit is highly intoxicating but is also antiscorbutic and a natural 
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antimicrobial agent that prevents food poisoning (Andriamihaja, 1988). It is also 
traditionally used to kill ticks on humans and livestock (Watt et al, 1962). 
Many cultural believes are associated with this tree. Hence, the powdered 
bark is used to treat pregnant women to determine the gender of an unborn 
baby. If a pregnant woman wishes to have a girl, she will take a preparation 
from the female plant and for a boy she will use the male plant. Traditional 
healers use the hard nut in their divining dice. In Niger, it used for protection 
against snakebite. Bark powder is added to bath to protect hunters against the 
spirits of the prey (Adam et al, 1972). The bark powder is mixed with ablutions 
or in a preparation cooked with millet flour and butter and eaten at the morning 
before going out on a hunt until a beast is killed (Adam et al, 1972). The 
powdered bark of the root can reputedly be used to lift curses and help catch 
sorcerers. It is taken in a drink or added to ablutions, either of which must be 
done three times for men, four times for women. 
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Chapter 3 
 
Materials and Methods 
 
3.1 Study site 
3.1.1 Location 
The study area is located in the Eastern Nuba Mountains in Rashad 
District in South Kordofan State, which lies between latitudes 10° and 13° N 
and longitudes 29° and 33° E. Rashad locality is situated in the north-western 
part of the central clay plain in the dry land savannah zone of South Kordofan 
State. It occupies a total area of about 7872 km2. The area is mainly occupied by 
the Nuba mountains series which are characterized by flat topped low hills 
intersected by fairly deep and steep gullies in all directions but mainly to the 
north (Sudan Almanakh, 1967; 68). The mountain series are divided into east 
and west series. This study was conducted on the eastern part of the mountain 
series (latitude 11° 51´ N and longitude 31° 4´ E and altitude 885 m a.s.l). 
 
3.1.2 Climate 
The climate of the area is a tropical semi-arid type influenced by the 
plateau of the Nuba Mountains. It is characterized by low temperatures during 
winter (November - March) averaging 20 °C and high temperatures during 
summer (April - June) averaging 35 °C. The annual rainfall ranges from 400 
mm in the northern parts of the locality to over 676 mm in the southern parts 
(Elsamani, 1986). The fall period extends from June to October (Table 1). Most 
of the rain is in the form of showers or thunderstorms. Rainfall is controlled by 
the movement of the boundary between dry northerly winds and moist southerly 
winds (Sudan Almanakh, 1967-68).  
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Table 1: Mean annual rainfall, temperature and relative humidity 
 in Rashad District during the period 1997 – 2006 
Relative humidity 
(%) 
Rainfall 
(mm) 
Mean temperature 
(°C) 
Month 
25 0 31 January 
18 0 33 February 
11 1.2 35 March 
11 5.2 38 April 
57 52.8 36 May 
62 75.3 33 June 
76 126 30 July 
83 187.9 29 August 
75 140.3 31 September 
61 86.6 33 October 
28 1.5 33 November 
25 0 31 December 
 676.8  Total 
44  33 Mean 
 
3.1.3 Geology and soils 
The geology of the area is characterized by basement complex 
formations, which are the oldest and most extensively found. The Nubian 
sandstone overlies the basement complex in the majority of the area (WSARP, 
1982). The area is characterized by many small isolated steep sided hills or 
small groups of hills which form the Nuba Mountains (Sudan Almanakh, 1967; 
68). The area is known to have rich mineral deposits such as copper, gold, 
graphite and uranium (Elsamani, 1986). 
Detritus shallow soils prevail on top and slopes of the hills. However, the 
plains are dominated by Alluvial or clay deposits, mainly along seasonal 
 26
streams “Khors or Wadies” and vallies. Light and cracking clays, which are 
reasonably fertile, characterize the traditional production areas. 
 
3.1.4 Vegetation 
In the northern dry region, vegetation cover is dominated by poor thorny 
savanna type tree associations with Acacia senegal and Acacia mellifera as 
dominant species on sandy soils. On the southern moist parts of the state, rich 
savanna type vegetation dominate with Banalities aegyptiaca and Acacia seyal 
as the most dominant associations on the cracking clay soils. At high altitudes, 
at the top of the plateau and on the slopes, Boswellia papyrifera, Commiphora 
Africana, Sterculia setigra, and S. birrea are the most dominant species. S. 
birrea is the dominant tree species on the undulated areas at the bottom of the 
hills and depressions intersecting the hill massifs where well drained light 
mountainous soils are most dominant. The species occurs naturally either in 
pure stands or in association with other species. The most dominant associated 
tree species are: Anogeissus leiocarpus, Albizia amara, Terminalia laxiflora, 
Lannea fruticosa, Sterculia setigera, and Boswellia papyrifera. The under-story 
vegetation is composed of Aristida mutabilis, Cymbopogon nervatus, Cenchrus 
biflorus, Commelina amplexicaulis and others, which secure good grazing 
resource for both domestic and wild animals. 
 
3.1.5 Population and landuse 
The various Nuba people make up some 90% of the population of the 
area and the other 10% are Baggara (cattle herders) mainly Arabs (ElAmin, 
2000). The total population in the study area is about 13 thousands. 
The local people practice a range of productive activities including animal 
husbandry, hunting and foraging. However, agriculture is the mainstay of their 
economy; agriculture and animal production contribute 30% and 70%, 
respectively. The main food crops are sorghum, millet and maize, while cash 
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crops include seasme, groundnut, gum arabic and horticultural products. Animal 
production systems are traditionally nomadic or village based. Forestry 
activities are widely practiced mainly for supply of fuel wood and construction 
materials for local and commercial consumption. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 1: Natural stand of S. birrea trees at Rashad District, Nuba 
Mountains, Southern Kordofan State 
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Plate No. 2: Adult S. birrea subsp. birea in full foliage on the left and ripen 
fruits on the right  
 
3.2 Experimentation and data collection 
The field work was started in May 2005 and continued to November 
2006. 
The study consisted of three field experiments, which were: 
1/ Assessment of natural stands and regeneration of S.  birrea; 
2/ Regeneration of S.  birrea by direct seed sowing; 
3/ Regeneration of S.  birrea by seedling transplanting. 
 
3.2.1 Assessment of natural stands and regeneration of S. birrea 
To achieve this purpose, transect methodology was used, in two hilly 
areas; one site was located east of Rashad town (at a distance of 5390 m, a 
bearing of 93°, altitude 855 m a s.l., latitude 11° 5´ N and longitude 31° 6´ E) 
and the other at the southern premises (at a distance of 5710 m, a bearing of 
180°, altitude 895 m a.s.l., latitude 11° 49´ N and longitude 31° 2´ E). S. birrea 
 29
trees were found in pure stand or mixed with other associated savanna species. 
In each site, four transects were established, radiating at the four geographical 
directions from top to bottom of the hills. Three strata (top, middle and bottom) 
were chosen to locate the sample plots. A permanent sample plot was 
demarcated in each stratum, making a total of 24 sample plots in the two sites. 
The sample plot was circular in shape with a size of 0.1 hectare and radius of 
17.5 m. All trees inside the sample plots were counted and those located out 
side or at the margin were excluded. The parameters worked out included: total 
tree density; percent composition of S. birrea and male/female ratios of adult 
trees; number of S. birrea seedlings; estimation of seed number of S. birrea. 
The above parameters were collected on mid May 2005 before the onset of wet 
season. Seed number was estimated from three trees from each geographical 
direction and strata in the two sites by collecting fallen ripped seeds at early 
morning and at late evening until the trees were empty of seeds. Also, total 
number of un-ripened seeds was estimated while still on the mother trees. Then 
an average of total number of seeds was calculated. In August 2005, during the 
wet season, number of germinated seeds (seedlings) was counted once at the 
first season in each sample plot. The seedlings were marked by wooden pegs 
inserted beside every one and later survival percentage and mortality rate were 
estimated every three months (6 times) till the end of the next season (Plate 2). 
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Plate 3: Natural regeneration assessment procedure 
 
3.2.2 Regeneration of S. birrea by direct seed sowing  
This experiment was divided into two parts, direct seed sowing by 
broadcasting and pit planting. 
 
A/ Seed broadcasting 
The seed broadcasting experiment was conducted in 20/May/2005 in one 
site only and for one season. Untreated S. birrea seeds were broadcast in 
protected and unprepared land, with an area of approximately 2580 m2 (60X43 
m). The area was divided into four equal plots and 661 seeds were broadcasted 
in each plot. After three months, number of germinated seeds (seedlings) was 
counted in each plot. Then after six month, the remaining seedlings were 
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counted. Survival percentage was calculated at the beginning and at end of the 
next rainy season.  
 
B/ Seed pit sowing 
This experiment was executed 5.100 m south west of Rashad (latitude 
11° 48´ N, longitude 31° 3´ E and altitude 831 m a.s.l.). The area was well 
protected by a fence from local material (branches of thorny trees). Three soil 
preparation methods were adopted and executed: 1/ Unploughed land; 2/ 
Ploughed land with local traditional agricultural tools (hoes and spades); 3/ 
Ploughed and furrowed with disc harrow and furrower. Each land category 
described above was parceled out into three plots i.e three replications. The plot 
size was 4x6 m2, summing up the total area of this experiment to 480 m2. 
Twelve pits were made in each plot at spacing of 2x2 m and 3 seeds were sown 
per hole (about 324 seeds were sowed in 108 pits on the 17th July 2005). 
The parameters monitored were: 
1/ Seed germination assessment: total number of germinated seeds was recorded 
after four weeks from the sowing date and germination percentage calculated; 
2/ Seedling height and diameter at root collar were measured at intervals of 
three months from July 2005 for two seasons (a total of six measurements). The 
seedling heights were measured by ruler and the root collar diameter was 
measured by a vernier. 
3/ Seedling survival rate was assessed during 6 periodical intervals (July 2005 – 
November 2006). 
4/ Seedling assessments were made in November 2006. Three seedlings from 
each plot were randomly selected and excavated out. Their shoot and root 
lengths and diameter were recorded. They were separated into shoot and root 
and the wet and dry weights of these parts were obtained. Number of lateral 
roots was also counted. 
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Plate 4: Plots showing seedlings of S. birrea raised by direct seed sowing 
and seedling transplantation 
 
C/ Seedling transplantation 
The seedlings used for this experiment were raised in ElFaid central 
nursery of Rashad Circle. They were raised according to FNC (Forest National 
Corporation) nursery directories. On transplantation, they were two months old 
with an average height of 13 cm and a mean diameter of 0.3 cm. 
The transplanting field was well fenced and received the same land 
preparations as for the direct seed sowing trials. The sizes and numbers were the 
same as described in the direct seed sowing experiment. Seedling planting in the 
plots was carried out in pits at a spacing of 2x2 m, in July 2005. The experiment 
was monitored for two seasons and the silvicultural operations mainly weeding 
was done four times during the two seasons. The parameters monitored 
included: 
1/ Seedlings survival rate was assessed during six periodical intervals every 
three months. 
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2/ Seedling height and diameter at root collar were measured at intervals of 
three months from July 2005 for two seasons (a total of six measurements). The 
seedling heights were measured by ruler and the root collar diameter was 
measured by a vernier. 
3/ Seedling assessments were made in November 2006. Three seedlings from 
each plot were randomly selected and excavated out. Their shoot and root 
lengths and diameter were recorded. They were separated into shoot and root 
and the wet and dry weights of these parts were obtained. Number of lateral 
roots was also counted. 
 
3.3 Soil analysis 
Soil samples were air dried and sieved through a 2mm mesh. Then the 
following parameters were determined: 
(1) Particle size distribution was obtained by using the modified hydrometer 
method (Day, 1965), and the textural classes were assigned according to the 
American System (USDA monograph, 1975); 
(2) Bulk density by cylinder  
 (3) Carbonate by gravimeteric loss Co2 titration 
(4) pH was measured by a pH meter (equipped with a combined electrode) in a 
soil paste (soil/water = 1:5); 
 (5) Exchangeable elements (Na, K) were extracted by using 0.05N HCl + 
0.025N H2SO4 and analyzed by atomic absorption and flame photometer; 
(6) Nitrogen (total) was determined by macro kjeldhal method (Pearson, 1970); 
(7) Phosphorus was determined by spectrophotometer using NaHCO3 method 
(Chapman and Pratt, 1961); 
(8) Organic carbon was determined by Walkley and Black method and the 
organic matter equaled: organic carbon x 1.72. 
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3.4 Statistical analysis of data 
 Data from intermediate readings of growth parameters were processed by 
excel software and presented into temporal variation curves and histograms. 
While the final measurements of the parameters were subjected to Analysis of 
Variance (ANOVA) by SAS (2004) program and the significant differences 
between the means of the treatments were assigned according to Duncan 
Multiple Range Test. 
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Chapter 4 
 
Results and Discussions 
 
4.1 Soil characterization of the study area 
Soils of the Nuba Mountains vary in view of their geneses where different 
factors intervene like geological material, topography, climate and hydrology 
and vegetation. The major soil types can generally be classified into: 
1/ Mountain soils including bare rock, exposed basement plateaus fericrete soils 
and pediments; 
2/ Residual soils including dark cracking clay plains and soils of colluvial 
origin; 
3/ Transported soils or alluvial depositions along numerous khors and wadis 
that transverse the area. 
Some features of the profiles of these soils may summarized as following: 
1/ the mountain peak profile: 
• A1 horizon: 13 cm deep; dark brown color; gravelly and sandy texture; 
granular structure; porous; medium humidity; some fine roots; presence 
of termites. 
• A1/B horizon: 6 cm deep; pale red color; sandy and gravelly texture; 
granular structure; porous; medium humidity; some fine and medium 
roots; stony; presence of termites. 
• B horizon: 5 cm deep; pale yellow color; clayey and gravelly texture; 
blocky structure; medium porosity; more humid than above; few roots; 
stony; presence of termites. 
• C horizon: 40 cm deep; brown color; sandy clay and gravelly texture; 
granular structure; low porosity; medium humidity; few roots; stony; 
presence of termites. 
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2/ the plain profile: 
• A1 horizon: 5 cm deep; grey color; silty clay texture; crumb structure; low 
porosity but presence of cracks; medium humidity; few fine roots; 
presence of termites within cracks. 
• B horizon: > 70 cm deep; dark-black color; clay texture; blocky-columnar 
structure; low porosity but presence of deep and wide cracks; humid; 
medium-sized roots; presence of termites within cracks. 
3/ the wadi bank profile: 
• A1 horizon: 15 cm deep; dark grey color; sandy loam texture; granular 
structure; high porosity; medium humidity; fine roots; presence of 
organic matter; high termite activity. 
• A1/B horizon: 6 cm deep; grey color; sandy clay texture; weakly blocky 
structure; medium porosity; medium humidity; fine-medium roots; high 
termite activity. 
• B horizon: 30 cm deep; dark brown color; blocky structure; low porosity; 
humid; medium-fine roots. 
• C horizon: 25 cm deep; brown color with reddish pockets; sandy clay 
texture; blocky granular structure; medium porosity; high humidity; 
medium-big roots. 
Laboratory analysis for soil physical and chemical properties were 
limited to the plots prepared by ploughing and/or furrowing for S. birrea 
regeneration by direct seed sowing or seedling transplantation. These plots are 
located on the soils of the third category as outlined in the above paragraphs, i.e 
they are situated on the alluvial plains adjacent to a wadi bed. 
The main characteristics of these soils were presented in Table 2. Their 
particle size distribution is predominated by sand and silts together amounting 
to more than 80%. The clay content of these soils is moderately high ranging 
between 8% and 16%, and is homogeneously distributed throughout the profile, 
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except for some irregularities in the sub-soils. These features may originate 
from flooding of the area by wadis and runoff water pouring down from the hill 
tops; these floods carry and deposit different material on every event. The 
textural class of the soil is generally sandy loam; and its bulk density is about 
1.2 to 1.4 gcm-3, hence its porosity is rather high. These soils also contain high 
carbonate particularly in the surface layers but it declines sharply in the deeper 
layers, below 40 cm depth. 
The soils have a neutral reaction with pH values between 7.2 - 7.4 and 
they are free from salinity and sodicity. Their cation exchange capacity is fairly 
moderate in the surface layers but it is rather low in the sub-soils layers. Also, 
their N, P and K contents are not very high. And as like most of dry land soils, 
they have a very low content of organic matter, typically below unity even in 
the surface layers, and their C/N ratios are also low indicating a very high 
biological activity. 
In all, judging from the field description and laboratory determination 
information, these soils are similar to those found along the River Nile and its 
tributaries which are considered among the richest soils in the Sudan. 
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Table 2: Some physical and chemical properties of the land preparation plots 
Soil depth 
(cm) 
S P 
(%) 
Sand (%) Silt (%) Clay (%) Textural 
classes 
CaCO3 
 
Bulk density 
g/cm3 
pH 
paste
0 – 20 2.51 71.6 12 16.4 sandy loam 34.8 1.4 7.2 
20 – 40 0.72 74 10.2 15.8 sandy loam 29.7 1.2 7.4 
40 – 60 1.91 74.6 7.8 8.2 sandy loam 2.1 1.4 7.3 
60 – 80 0.42 74 8.8 17.2 sandy loam 2.0 1.3 7.2 
80-100 1.7 82 4 12 loamy sand 2.2 1.4 7.2 
 
Table 2: Continued 
Soil depth 
(cm) 
K 
(mg/100g)
Na 
(%)
C.E.C 
(mg/100g soil) 
Total N 
(%) 
Organic matter 
(%) 
C/N P (ppm) 
0 – 20 9.8 4 4.6 0.025 0.21 8 4.2 
20 – 40 8.9 4 5.4 0.031 0.19 6 3.8 
40 – 60 12.1 4 2.6 0.021 0.22 10 4.3 
60 – 80 8.3 4 2.0 0.018 0.20 11 3.9 
80-100 14.3 4 2.8 0.027 0.20 7 3.9 
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4.2 Natural regeneration assessment of S.  birrea 
4.2.1 Natural regeneration of S. birrea as affected by the sites 
Two sites were investigated to explore total number of trees, number of S. 
birrea, percentage of the species, male and female percentages per unit area and 
also amounts of seeds produced, seed germination and survival rates of the 
seedlings. These assessments were done in four transects across each site and 
three sample plots of 0.1 ha were laid in each transect. The sites were located at 
east and south of Rashad town. Results of the exploration are presented in Table 
3. The results showed that there were significant differences (p ≤ 0.05) between 
sites on the following parameters: total number of trees, total number of other 
trees, total number of S. birrea trees, and number of male trees. But there were 
no significant differences between the two sites in S. birrea female percentage, 
number of seeds, germination percentage and seedling survival rates.  S. birrea 
constituted fifty percent of total tree density per unit area in both sites. But the 
southern site is relatively richer than the eastern one. The two sites had the same 
number of female S. birrea, but the male density in the southern site was double 
that in the eastern site. S. birrea seed production was slightly higher in the 
southern site even though there was no significant difference between the two 
sites. Average number of germinated seeds, as assessed in August 2005, was 
higher in the southern site, but further assessment carried out in October 2005, 
at the end of the rainy season revealed no difference in seed germination. 
Germination rate of this species is very low as observed in the field. Number of 
seeds germinated in the two sites, were only 160 to 260 out of more than 3000 
seeds ha-1. Seeds of this species are highly susceptible to damage by many 
factors: they are very palatable to goats and game animals, eaten by rodents and 
insects borers besides they are easily washed away by runoff, particularly in 
hilly areas (Phofeutsile et al, 2002). There might not be enough seeds spared to 
germinate during the rainy season. Furthermore, average survival percentage 
(assessment after one year from germination in November 2006) of the 
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seedlings was very low in the two sites, only about 10%, which implies that the 
seedlings were damaged, possibly eaten by animals both domestic and wild. 
Phofeutsile et al (2002) reported that regenerated seedlings are rarely recruited 
to the sapling stage due to destruction by browsing animals and cultivation for 
agriculture. 
 
4.2.2 Effects of aspects on natural regeneration 
Results of natural assessment parameters mentioned above for the sites are 
presented in Table 4. Aspects stated here designate the geographical directions. 
Significant differences (p ≤ 0.05) were found for the total and other tree 
densities between the east aspect and the other aspects; meanwhile there were 
no significant differences between the other aspects for these parameters. 
However, the highest number of total and other trees than S. berria (160 and 
110 trees ha-1, respectively) was found on the east aspect of the plateau, 
indicating stand richness on this aspect. There were no significant differences 
between the aspects concerning total number of S. berria trees and their male 
and female individuals. The highest density of the species was found on the 
northern and southern aspects (60 trees ha-1) and lowest was in the east and west 
aspects (50 trees ha-1). The southern aspect contained the highest percentage 
(55%) of S. berria as compared to the total tree density, followed by the 
northern and western aspects (50%) and the lowest percentage was found in the 
eastern aspect (31%). Similarly, the number of male and female trees of S. 
birrea was not significantly affected by the aspects. But, the number of female 
trees was slightly higher in all the aspects except in the northern aspect where 
male tree density was twice that of females. This result is similar to that 
mentioned by Hall (2002) who found that a sex ratio of 1:1 male to female for 
the species is common. Aspects effects on amounts of S. birrea seeds produced 
per unit area were not significant at p ≤ 0.05. Even though, the highest number 
of seeds produced was found on the southern and western aspects and the 
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lowest production was in the northern aspect. The effects of aspects on number 
of germinated seeds of S. birrea were variable. At the first count in August 
2005, only the eastern aspect showed significant differences from the others, 
although the number of seeds produced was not the highest. At the second count 
in October 2005, there were significant differences between all the aspects 
except between the northern and the eastern ones. Assessment of total number 
of germinated seeds (recorded at the end of the first season in November 2005) 
showed only the eastern aspect to be significantly different from the other 
aspects and there were no significant differences between the other aspects. The 
highest number of germinated seeds was found on the eastern aspect (340 
seedlings ha-1) and the lowest number was found on the western aspect (110 
seedlings ha-1). It is worth to observe that seed germination is very low as 
compared to the total number of seeds produced. Seedling survival rate 
(assessed at the end of the second season in November 2006) showed that only 
the eastern aspect was significantly different from the other aspects and gave the 
highest number of survived seedlings (30 seedlings ha-1); on the rest of the 
aspects only 10 seedlings ha-1 survived. Again the survival rate of the seedlings 
was very low as compared with the number of germinated seeds and even lower 
with regard to the amount of seeds produced. 
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Table 3: Assessment of S. birrea population and regeneration in the natural stands in the studied sites; 
values are averages per 0.1ha sample plot 
 
Site 
Total No of 
trees 
Total No of 
other trees 
S. birrea 
trees 
Percentage of 
S. birrea trees 
Males Females 
East Rashad 10b 5b 5b 50a 2b 3a 
South Rashad 14a 7a 7a 50a 4a 3a 
 
Table 3: Continued. 
Site Average No 
of S. birrea 
seeds  
No of germinated 
seeds (Aug. 2005) 
No of germinated 
seeds (Oct. 2005) 
Total No of 
germinated 
seeds 
Survived 
seedlings 
(Nov. 2006) 
East Rashad 3078a 14b 3a 16b 2a 
South Rashad 3192a 22a 3a 26a 2a 
* Values in column with the same letter are not significantly different at p > 0.05.  
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Table 4: Effects of aspects on natural regeneration of S. birrea; 
values are averages per 0.1ha sample plot 
Aspect Total No of 
trees 
Total No of other 
trees 
S. birrea 
trees 
Percentage of S. 
birrea trees 
Males Females 
North 12b 6b 6a 50a 4a 2a 
South 11b 5b 6a 55a 3a 4a 
East 16a 11a 5a 31a 2a 3a 
West  10b 5b 5a 50a 2a 3a 
 
Table 4: Continued. 
Aspect Average No 
of S. birrea 
seeds  
No of germinated 
seeds (Aug. 2005) 
No of germinated 
seeds (Oct. 2005) 
Total No of 
germinated seeds 
Survived 
seedlings 
(Nov. 2006) 
North 2939a 16b 5a 18b 1b 
South 3808a 12b 1c 12b 1b 
East 3350a 31a 4a 34a 3a 
West  3855a 10b 2b 11b 1b 
* Values in column with the same letter are not significantly different at p > 0.05. 
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4.2.3 Effects of altitude on growth of S. birrea 
The altitude of the sites is about 831 m a.s.l and was divided into top, 
middle and bottom strata. The main results for this assessment are presented in 
Table 5. No significant differences were found between the strata for the total 
number of trees, number of other trees and number of S. birrea trees. The total 
tree density on the strata was the same (120 trees ha-1). S. birrea tree density 
was higher on the middle stratum than on the on the top and bottom strata, 60 
and 50 120 trees ha-1, respectively. Percent composition of S. birrea trees was 
higher on the middle than the top and bottom strata, successively 50% and 42%. 
These percentages reveal the richness of the site in this species. For the male 
and female individuals of this species, no significant differences were found 
between the strata and their number was the same on the middle stratum. But 
female numbers were 1.5 folds higher than the males on the top, while on 
bottom the male numbers were twice those of the females. Seed numbers were 
not significantly different between the strata however trees on the upper 
elevations produced more seeds than those in the Piedmont.  Seed germination, 
assessed in August 2005 did not reveal significant differences between the 
strata, but further assessment in October 2005 revealed significant differences 
between all the strata. Germination rate was higher in the plains and mid-slopes 
than on the top of the plateaus. For the seedling survival rates (assessed in 
August 2006), significant differences were found between all the strata. The 
death toll between the seedlings was extremely high in the sites, 87%, 96% and 
89% in the bottom, middle and top strata, respectively. Generally, seed 
germination and seedling survival rates were very low as compared to the 
amount of seeds produced. 
Literature on natural regeneration and monitoring of seed germination 
under field conditions of the subspecies birrea is scarce (Munjuga et al, 2002). 
However, with references to subspecies caffra natural regeneration, an interval 
of some 6 to 10 months between fruits fall and seed dispersal and germination 
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in the field is common (Teichman,1982; Lewis, 1987). Therefore, the results 
from this study could be regarded as the first attempt to monitor germination in 
the field. The data on Table 5 showed that all the measured parameters were 
considerably higher on the eastern aspect through out the study period. This 
may indicate that S. birrea is a light demander and requires optimum light for 
seed production, germination, early establishment and survival. The associated 
species are Acacia seyal, Balanites aegyptiaca, Commiphora Africana, 
Tamarindus indica, Anogeissus leiocarpus, Combretum glutinosum, and Guiera 
senegalensis. By their large crowns, these species may shade the understory 
layer where seeds of S. birrea are found. The shading effect reduces soil and air 
temperature which are reported to be very essential for seed germination. 
According to Teichman (1983) observations have shown that the populations of 
subspecies birrea, north of the equator, thrive well under higher temperatures. 
Furthermore, the likeliness of competition between the seeds of the associated 
tree species and grasses may deprive seeds of S. birrea from light and other 
growth factors (nutrients and soil moisture). This may have impacts on seed 
germination and seedling growth, establishment and survival and consequently 
on natural regeneration of the species under study. Moreover, the species bear 
fruits in dry season where little feed for livestock is available. Hence, browsing 
animals both livestock and wildlife feed on the fruits and seeds. This type of 
browsing transfers the fruits and seeds out side the natural sites and render them 
not available for natural regeneration. Other factors which may affect loss of 
seeds from site include collection of fruit for consumption or for feeding 
livestock. At these rugged terrains water can wash fruits and seeds down the 
hill. All the abovementioned factors have great impact on natural regeneration 
of the species at the study site. 
The low survival rate obtained in the present study could be attributed to 
browsing, as the seedlings are palatable and highly preferred by animals. 
Browsing animals may completely uproot seedlings that have managed to 
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germinate.  Furthermore, the seedlings of the species may be affected by water 
stress resulting from low soil water reserve due to high runoff and recurrent 
droughts in the area (Phofeutsile et al, 2002). 
Concerning the altitudinal distribution of Sclerocarya species, Meihe 
(1988) reported that subspecies birrea is commonly found on elevations of 1500 
to 1700 m in Jebel Marra, Sudan; Kokwaro (1986) reported that subspecies 
caffra is found on elevations of 1700 to1800 m in east Africa. Marchal (1980) 
also mentioned that the tree is sparsely distributed in, or absent from valley 
bottoms compared with the slopes. Hence, it is obvious that the tree thrives on 
well drained soils (FAO, 1984; Poyton, 1984) and it is poorly represented in 
water-logged sites, but broad interfluves with extensive areas of sandy soils are 
favorable habitats. The findings of the present study are in accord with these 
reports, where elevations on the study sites ranged between 850 and 985 m.  
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Table 5: Effects of elevation on natural regeneration of S. birrea 
Altitude Total No of 
trees 
Total No of other 
trees 
S. birrea 
trees 
Percentage of 
S. birrea trees 
Males Females 
Top 11a 6a 5a 48a 2a 3a 
Middle  12a 6a 6a 55a 3a 3a 
Bottom 12a 7a 5a 47a 4a 2a 
 
Table 5: Continued. 
Altitude Average 
No of S. 
birrea seeds  
No of germinated 
seeds (Aug. 2005) 
No of germinated 
seeds (Oct. 2005) 
Total No of 
germinated seeds 
Survived 
seedlings 
(Nov. 2006) 
Top 3627a 17a 2a 17a 2a 
Middle  3319a 20a 3b 25a 1b 
Bottom 2433a 18a 5c 21a 3c 
* Values in column with the same letter are not significantly different at p > 0.05.  
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4.3 Regeneration of S. birrea by broadcasted seeds in fenced and 
unploughed plots 
Table 6 shows the effect of protection and two levels of elevation 
(Plateau and plain) on germination and survival of broadcasted seeds of S. 
birrea. Assessment of seed germination carried out in August 2005 showed that 
the number of germinated seeds on the plateau was higher than that in the plain 
with averages of 193 and 135 seedlings, corresponding to 29% and 21% 
germination percentages, respectively. At the end of the rainy season 
(November 2005) about 98 and 47 seedlings survived in the plateau and in the 
plain, corresponding to 51% and 34% survival percentages, respectively. 
Further survival observations, done in August 2006, showed that only 62 and 28 
seedlings survived in the plateau and in the plain with respective percentages of 
32% and 20%. The last survival observations carried out in November 2006, 
revealed that only 58 and 22 seedlings remained in the plateau and in the plain 
corresponding to 30% and 16% survival percentages. 
These results show that the germination and survival rates of S. birrea are 
very low, even though the area was protected against livestock grazing and big 
game animals. As previously mentioned the seeds and seedlings of the species 
are highly susceptible to damage by many factors. Rodents, termites and other 
small animals readily attack the seeds and juvenile plants. The seeds may also 
be washed away particularly in uncultivated and sloped terrains. Besides, in 
these lands seedlings may be stressed to death by droughts, where soil moisture 
recedes quickly after the rainfall seizes.  
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Table 6: Seed germination and survival of seedlings of S. birrea raised by broadcasting 
 in protected plots (Area of plot = 0.1ha) 
Site 
No of 
seeds 
No of germinated seeds 
(Aug. 2005) 
Survived 
seedlings 
(Oct. 2005) 
Survived 
seedlings 
(Jul. 2006) 
Survived 
seedlings 
(Nov. 2006) 
Plateau 
 
661 193 98 62 58 
Plain 
 
661 138 47 28 22 
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4.4 Regeneration of S. birrea by seeds in prepared and fenced land 
4.4.1 Germination of S. birrea seeds 
S. birrea seeds were sown in pits dug in different soil preparation 
methods unploughed (NP), ploughed (P) and ploughed with furrows (PF) on 
17th July 2005. Seed germination was monitored during four weeks from sowing 
date; results of germination parameters are reported in Table 7. No germination 
was detected in all the treatments during the first week. Seedlings started to 
emerge during the second week and by the end of it 26, 13 and 19 seedlings 
emerged in the NP, PF and P treatments, corresponding to 72%, 53% and 36% 
germination, respectively. It is apparent from these values that the highest 
germination rate was in the NP plots and the lowest in the P ones, where as it 
was mid-way in the PF plots. In the third week, seed germination increased in 
the following sequence: 77% in P treatment, 53% in PF treatment and 10% in 
NP treatment. By the fourth week germination reached 100% in NP and PF 
treatments and 97% in P treatment. From the result it is clear that the 
germination period of S. birrea seeds ranged from 15 to 30 days under protected 
and well catered conditions.  
This result is in conformity with that obtained by Teichman et al (1998) 
who found that under suitable conditions, seed germination of S. birrea may 
take less than four days and up to four weeks to achieve 100% germination. In 
the present study, the one week delay in commencement of seed germination of 
S. birrea under study site may be due to its hard seed coat. Hence, pretreatment 
is needed to break seed dormancy and to speed up seed germination of the 
species (Maruzone et al, 2002). The differences in germination percentages 
observed in the early weeks between the treatments were of no significance 
since at the end of four weeks full emergence of the seedlings was secured. 
The pits, even in the unploughed plots, have created favorable moisture 
conditions. Also, the seed of the species contains 1 to 3 embryos. Under suitable 
growth conditions one of these embryos germinates and the rest remain in state 
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of dormancy. When the germinated embryo dies or is being damaged, the others 
will emerge as soon as growth conditions become conductive. This adaptation 
mechanism enables the species to survive and flourish on harsh conditions. 
Furthermore, Teichman and Robberts (1988) stated that when the operculum 
closing the germination aperture and the rest of endocarp is weakened, water 
will enter and be imbibed by the seed and consequently enhance seed 
germination capacity.  
 
4.4.2 Temporal development of height and diameter growth of S. birrea 
seedlings of seed origin 
Figure 5 shows the temporal height growth development of S birrea 
seedlings of seed origin raised in three methods of soil preparation. The average 
initial seedlings height in the NP treatment was about 7 cm as recorded in 
August 2005. In this treatment, seedlings height growth was very low until 
February 2006 with monthly increment less than 1 cm. Then, seedlings height 
growth was stronger and went on with an upwards trend till the end of our 
monitoring period in November 2006. Seedlings height growth development in 
the two other treatments followed the same trend described for the NP 
treatment, but their height pathways occurred at higher parallel levels. So that, 
the highest growth levels of the seedlings were for PF and P treatment and 
lowest level was for the NP treatment. 
Figure 6 shows the temporal diameter growth of the seedlings. In the first 
reading (August 2005) seedlings grown in NP treatment had a mean diameter of 
0.3 cm. The diameter growth of the seedlings was very low until February 2006. 
After that diameter growth increased slightly. However, the total diameter size 
of the stem was very low not exceeding 0.6 cm by the end of the study period 
(November 2006). Initial diameters of seedlings in P and PF treatments were 0.4 
and 0.7 cm, respectively. Diameter growth pattern in these  
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Table 7: Germination records of S.  birrea seeds sown in different soil preparation methods 
        Week1    Week2 
Treatment 
No of sown 
seeds (date: 
17/7/2005) 
No germinated 
seeds (25/7/2005) 
Germination 
(%) 
No Germinated 
seeds (31/7/2005) 
Germination 
( %) 
NP 36 0 0 26 72 
P 36 0 0 13 36 
PF 36 0 0 19 53 
 
Table 7: Continued. 
      Week3       Week4 
Treatment No germinated Seeds 
(7/8/2005) 
Germination (%) No Germinated Seeds 
(15/8/2005) 
Germination 
( %) 
NP 29 80 36 100 
P 23 64 35 97 
PF 29 80 36 100 
Note: NP: Not ploughed; P: ploughed; PF: ploughed and furrowed
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Figure 5: Temporal height growth of 
S. birrea  seedlings of seed origin 
raised in different soil preparation 
methods
0
5
10
15
20
25
30
35
Aug-05 Nov Feb May Aug Nov
Months
H
ei
gh
t (
cm
)
NP
P
PF
 
 
Figure 6: Temporal diameter growth of 
S. birrea s eedlings of seed origin raised in 
different soil preparation methods
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treatments was similar to those described for NP treatment, but with pathways 
passing at higher parallel levels. Diameter growth pathway in PF treatment was 
the highest, even though the inter distance between these parallel lines was not 
very wide, approximately 0.2 cm. 
 
4.4.3 Assessment of growth parameters of S. birrea seedlings of seed origin 
Table 8 shows the effect of soil preparation methods on some parameters 
of seedlings growth. Only the height and the diameter were subjected to 
analysis of variance, the rest of the parameters were assessed once at the end of 
the monitoring period. 
Height assessment of the seedlings showed that there were significant 
differences between all the treatments. Treatment PF gave the highest seedling 
length followed by the P and NP treatments. Seedlings length in this treatment 
was about 1.8 and 1.4 folds higher than in the NP and P treatments, 
respectively. Seedlings diameter sizes showed also significant differences 
between all the treatments. The biggest seedling size was obtained in the PF 
treatment and the smallest in the NP treatment, with a difference of about 1.5 
folds; seedlings diameter in the P treatment was very close to that in the PF. 
Treatment PF gave the highest root length followed by P and NP; seedlings root 
lengths in this treatment exceeded that in the other treatments by 1.5 and 2.4 
folds, respectively. The shoot/root ratios in the different treatments were low, 
0.4 for the P and PF and 0.5 for the NP treatment. Shoot dry weight was bigger 
in the PF treatment followed by P and NP treatments; the magnitude of 
difference in the dry weight was 174 and 3.1 folds in the NP and P as compared 
to PF. Shoot dry weight percentages were 8%, 41% and 27% for the NP, P and 
PF treatments, respectively. This implies that the seedlings were succulent and 
with little dry weight. Root dry weight developed in the same trend as shown 
for the other parameters. Thus the PF treatment gave the highest values 
followed successively by the P and NP treatments. Root dry weight in PF 
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exceeded that in NP and P treatments by 12 and 2.4 folds, respectively. 
Percentages of root dry weight were 47% for PF and NP and 34% for P, which 
indicated that roots have more dry weight and at the same time are relatively 
less succulent than the shoots (Phofeutsile et al, 2002). Seedlings survival 
percentages ranged between 56% and 78%; the highest survival rate was 
recorded for seedlings in PF treatment and the lowest in NP treatment. These 
survival rates are fairly good since the seedlings received no supplementary 
irrigation during the dry periods. 
Land preparation, by simply making pits, has induced very positive 
effects on growth parameters of S. birrea. Hundred percent seed germination 
was obtained compared to less than 30% in unprepared land by broadcasting. 
Seedling growth (length, diameter and weight) was very good. Also, seedling 
survival rates were fairly adequate, above 50% in prepared land and 30% or less 
in unprepared areas. Land preparation creates appropriate conditions for 
seedling growth and establishment by increasing soil moisture and facilitating 
root penetration (Phofeutsile et al, 2002). Moreover, removal of weeds frees the 
seedlings from competition and gives a better chance to benefit from the 
available moisture, nutrients, light and space.    
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Table 8: Assessment of growth parameters of S. birrea seedlings of seed origin 
as affected by soil preparation methods   
Treatment Height 
(cm) 
Diameter 
(cm) 
Root length 
(cm) 
Shoot fresh 
weight 
(g) 
Shoot dry 
weight 
(g) 
Root fresh 
weight 
(g) 
Root dry 
weight 
(g) 
Survival 
(%) 
NP 16.8c 0.6c 36 2.5 0.2 11.5 5.4 55.6 
P 22.2a 0.8b 56 27.5 11.2 80 27.5 61.1 
PF 30b 0.9a 85 127.5 34.8 138.5 64.8 77.8 
Note: NP: Not ploughed; P: ploughed; PF: ploughed and furrowed. Values in column with the same letter are not significantly different 
at p > 0.05.
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4.5 Regeneration of S. birrea by seedlings in prepared and fenced land 
4.5.1 Temporal development of height and diameter growth of S. birrea 
seedlings of seedling origin 
Seedlings were about one and half month old when transplanted in the 
field in July 2005. Their height and diameter measurements commenced in 
August 2005 and followed up every 3 months till November 2006. Figure 7 
shows the temporal variation of height in plots of different land preparation 
methods. The first record of average height of seedlings in the NP plots was 
about 17 cm as measured in August 2005, while it was 22 cm in the P and PF 
treatments. In the NP treatment, height growth was low with very small 
increments until February 2006. A considerable increase of seedlings height 
occurred there after till May 2006 with a mean increment of 2 cm per month. 
There after, height growth steadily went up till the end of monitoring period in 
November 2006. Seedlings in the two other treatments exhibited identical 
height growth till May 2006 and had the same trend outlined for the NP 
treatment but at a higher parallel level. From that time, seedlings height growth 
in the PF treatment became distinct and proceeded on with higher increments 
than that in the P treatment. 
Figure 8 illustrates the temporal diameter growth in the different land 
preparation methods. The first reading of the seedling diameter in NP treatment 
in August 2005 was 0.5 cm. Diameter increase during the following months till 
February 2006 was very low. After that time, diameter increase was obvious 
with high increments during the monitoring intervals. The initial diameter 
records in P and PF treatments were about 0.7 cm. These treatments had very 
close diameter growth although till May 2006, after which time diameter growth 
in PF treatment became stronger until the end of the monitoring period. The 
diameter growth trend in P and PF treatments was very similar to that outlined 
for the NP treatment, but with pathways occurring at higher parallel levels. 
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Figure 7: Temporal height growth of S. birrea 
seedlings of seedling origin raised in different 
soil preparation methods
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Figure 8: Temporal diameter growth of S. 
birrea  seedlings of seedling origin raised in 
different soil preparation methods
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4.5.2 Assessment of growth parameters of S. birrea seedlings of seedling 
origin 
Table 9 shows the effect of soil preparation methods on some parameters 
of seedlings growth. Only the height and the diameter were subjected to 
analysis of variance operations, the rest of the parameters were assessed once at 
the end of the monitoring period. 
Height assessment of the seedlings showed that there were significant 
differences between the NP treatment and the other treatments. But there were 
no significant differences between the P and PF treatments. Treatment PF gave 
the highest seedling length followed by the P and NP treatments. Seedlings 
length in this treatment was about 1.3 and 1.1 folds higher than in the NP and P 
treatments, respectively. Seedlings diameter sizes showed also significant 
differences between NP treatment and the other treatments. No significant 
differences were found between P and PF treatments. The biggest seedling size 
was obtained in the PF treatment and the smallest in the NP treatment, with a 
different between their values of about 1.6 folds; seedlings diameter in the P 
treatment was very close to that in the PF. Treatment PF gave the highest root 
length followed by P and NP; seedlings root lengths in this treatment exceeded 
that in the other treatments by 1.2 and 2.3 folds, respectively. The shoot/root 
ratios in the different treatments were low, 0.4 for the P and PF and 0.7 for the 
NP treatment. These ratios indicate that root system of this species is very deep 
so that the shoot length represents only half of that of the root. Trees in dry 
lands tend to develop very deep and strong root system able to secure water, 
nutrients and anchorage for the plants and also enable the plant to withstand 
damage by browsing animals and cutting by man. Shoot dry weight was bigger 
in the PF treatment followed by P and NP treatments; the magnitude of 
difference in the dry weight was 26.7 and 1.8 folds in the NP and P as compared 
to PF. Shoot dry weight percentages were 23%, 67% and 39% for the NP, P and 
PF treatments, respectively. This implies that the seedlings were succulent and 
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had little dry weight. Root dry weight developed in the same trend shown for 
the other parameters. Thus the PF treatment gave the highest value and followed 
successively by the P and NP treatments. Root dry weight in PF exceeded that 
in NP and P treatments by 39 and 1.2 folds, respectively. Besides, percentages 
of root dry weight were successively 5%, 54% and 44% for NP, P and PF. 
Seedlings survival percentages ranged between 56% and 86%; the highest 
survival rate was recorded for seedlings in PF treatment and the lowest in NP 
treatment. These survival rates are fairly high since the seedlings received no 
irrigation supplement during the dry periods, during which droughts may often 
cause severe stress and death of the seedlings. 
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Table 9: Assessment of growth parameters of S. birrea seedlings of seedling origin 
as affected by soil preparation methods   
Treatment Height 
(cm) 
Diameter 
(cm) 
Root length
(cm) 
Shoot fresh 
weight 
(g) 
Shoot dry 
weight 
(g) 
Root fresh 
weight 
(g) 
Root dry 
weight 
(g) 
Survival 
(%) 
NP 27.5b 0.7b 39 10 2.3 65 3.22 55.6 
P 30.6a 1.oa 73 52 34.7 197.5 106.7 75 
PF 34.5a 1.1a 89.5 158.5 61.3 285 124.7 86.1 
Note: NP: Not ploughed; P: ploughed; PF: ploughed and furrowed. Values in column with the same letter are not significantly different 
at p > 0.05.
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4.6 Comparison of some growth parameters between S. birrea seedlings of 
seed and seedling origins raised in three soil preparation methods 
This comparison is illustrated by presenting seedling growth data (shoot 
and root lengths, diameter, shoot and root dry weights) in histograms (Figures 9, 
10, 11, 12 and 13). They show two levels of growth data comparison: by origin 
of seedling (seed or seedling origins) and by soil preparation level, which has 
already been tackled in the previous sections. Seedlings of seedling origin were 
one and half month older than seedlings of seed origin. 
It is obvious from the figures and as has already been pointed out that, the 
best performance of the seedlings was obtained in the ploughed and furrowed 
soil preparation level and then in ploughed treatment, where little difference 
existed between them in most cases. Soil preparation by pits gave moderate 
results of seedling performance, relative to the two other soil preparation 
methods. Comparison between seedlings according to their origin (seed versus 
seedling) and in the various soil preparation methods had shown no noticeable 
difference for the shoot height, diameter and root length; even though seedling 
origin gave slightly higher values for these parameters. However, there were big 
differences concerning the shoot and root dry weights between the seedling 
origins and also between the soil preparations methods.    
Hence, for better establishment and growth performance of S. birrea 
seedlings in the field soil preparation is needed and seedlings of seedling origin 
are most appropriate to use relative to that of seed origin. This is mainly 
because soil preparation treatments (P and PF) produced taller seedlings with 
larger diameters. 
Under comparable climatic conditions, similar growth rates for the 
subspecies birrea were observed elsewhere in Mali Niger (Delwaulle, 1979) and 
in Burkina Faso (Nikiema et al, 1993). According to Jacobs and Biggs (2002) 
the prevailing environmental conditions often limit the height that could be 
reached during the first season of growth. Several studies conducted at the 
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nursery with subspecies caffra, have shown different results. Lewis (1987) 
found that, the shoot length may reach 30 to 70 cm within five months after 
commencement of germination in nursery. Maghembe (1995) found that mean 
heights of 190 cm and 390 cm could be reached after 27 and 48 months, 
respectively. In addition, different values for the annual increment were 
reported: 25 cm (Maghembe et al, 1994); 60 cm (Poynton, 1984) in South 
Africa 100 – 200 cm (Shone, 1979; Nerd et al, 1990) in South Africa and in 
Israel. However, from the above controversial results, the findings obtained in 
the present study are in accord with Hall et al (2002) who mentioned that 
generalization about the typical life cycle of S. birrea is difficult. 
Generally, in this study site the species is growing under harsh conditions 
in terms of shallow soils, low rainfall, high temperature, high evaporation-
transpiration and low water infiltration and increased water runoff. The data 
obtained showed that both PF and P treatments produced more vigorous 
seedlings which have well developed shoot and roots than NP treatments, 
suggesting that soil preparation is important for establishment and better growth 
of S. birrea on the research site. It is obvious that soil working helped to create 
good growth conditions because it increased soil depth and provided sufficient 
soil moisture. This had certainly helped the species to develop good root 
systems at very early stage in the season and make better use of soil moisture 
and nutrients to complete its growth cycle in the second season. These findings 
are in line with Shone (1979) and Soumare et el (1994) who found that in deep 
soils, there is well development of the root system of the species ie long tap root 
and numerous and spreading lateral roots. 
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Figure 9: Shoot lengths of S. birrea seedlings of 
seed and seedling origin raised in different 
methods of soil preparations
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Figure 10:  Root lengths of S. birrea seedlings of 
seed and seedling origin raised in different 
methods of soil preparations
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Figure 11: Diameter of S. birrea seedlings of seed and 
seedling origin raised in different methods of soil 
preparations
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Figure 12: Shoot dry weight of S. birrea seedlings 
of seed and seedling origin raised in different 
methods of soil preparations
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Figure 13: Root dry weight of S. birrea seedlings of seed and 
seedling origin raised in different methods of soil 
preparations
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Chapter 5 
Conclusions and Recommendations 
 
5.1 Conclusions 
1. Natural regeneration of S. birrea is not reliable due to damage to seeds 
and seedlings by both domestic and wild animals, and also many factors 
affect seed dispersal and availability for regeneration. 
2. To successfully establish seedlings of S. birrea, soil preparation by using 
ploughing or ploughing plus furrow is needed to improve seed bed 
enhancement by increasing soil moisture storage for better tree growth. 
3. To enhance better growth of the species, it should be planted on terrain 
with light soils, good drainage sites and on eastern aspects because it a 
strong light demander tree.  
4. To secure a successful establishment of the species, tight protection 
methods should be applied throughout its establishment period for it is 
highly susceptible to damage by natural and biotic factors. 
 
5.2 Recommendations 
1. More efforts should be made towards rehabilitation, protection, 
conservation and management of S. birrea stands in Nuba Mountains; 
also extension activities and services should be directed to local area 
population and especially to the nomadic groups. 
2. Due to importance of S. birrea, more research is needed in areas of 
establishment, management and utilization of the species. 
3. There is strong need to investigate into the agents and factors that cause 
damage to the seeds and seedlings of S .birrea which greatly hamper 
good establishment and growth of the species. 
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